Most plant development takes place in the meristems, centres of dividing cells that continually lay down new structures at the shoot and root tips throughout the plant's life. The basic body organization of a plant, however, is laid out soon after fertilization, when the plant embryo forms in the developing seed. Development then stops as the seed matures. On germination, the mature embryo produces a seedling consisting of the embryonic leaves (cotyledons), a root, with a root meristem, and a stem (hypocotyl) with a shoot apical meristem from which the leaves, the stem and the flowers arise. Plant embryogenesis is conceptually comparable to the whole of development in animals -but there is little to suggest that the mechanisms are very similar. Indeed, recent evidence supports the idea that the processes of cell division and expansion have a special importance in plants, probably reflecting the opportunities and constraints provided by the possession of a cell wall.
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The presence of this rigid wall means that there is no cell migration during plant development: the walls remain with the cell for life, providing a historical and positional record of its developmental origins, and generating a structural framework for all subsequent growth. Pattern formation in plants is therefore to a large extent dependant upon two key processes of wall formation: cell division and cell expansion. During embryogenesis in Arabidopsis, the first few successive cell divisions follow precise and predictable planes, often perpendicular to previous divisions. Moreover, in partitioning the cell into unequal parts with differing environments and perhaps differing contents, the site of the division plane influences subsequent cell fates.
Plant form is also a consequence of cell growth and expansion in defined directions. The growth of a seedling stem towards a light source is, for example, the result of extension of the cells along the side walls, resulting in elongated cells and consequently an elongated stem. The bulk of the new cell-wall material is delivered to its destination in secretory vesicles derived from the Golgi apparatus. During both cell division and cell growth, the generation and transport of these vesicles and delivery to the cell wall by fusion of these vesicles at the correct site therefore play a central role in development.
To identify genes involved in embryogenesis, screens of mutagenized Arabidopsis thaliana have been carried out in several laboratories, most notably by the groups of Meinke [1] and Jürgens [2] . To distinguish mutants defective in embryonic pattern formation from those with a lesion in house-keeping functions, lethal mutants that died at the seedling, rather than embryo, stage were analysed; that is, mutants where embryogenesis had been attempted, and the seed germinated [2] . Two years ago, the first molecular analysis of one of these mutants, emb30/gnom, showed that normal Arabidopsis embryogenesis requires a protein with homology to Sec7p, a yeast protein involved in protein transport through the Golgi apparatus [3] . This started speculation on the role of the membrane traffic pathway in embryogenesis.
The emb30/gnom mutant was originally described as being defective in the formation of terminal pattern elements, as mutant seedlings do not develop cotyledons or a root. Subsequent analysis showed that patterns of cell division are abnormal in emb30/gnom mutant plants. In particular, the first asymmetric division of the polarized zygote, which normally generates a larger basal cell and smaller apical cell, in the mutant results in cells of nearly equal size. Subsequent cell divisions appear also to be disordered, perhaps reflecting the requirement for a differential distribution, after the first division, of positional determinants necessary for embryonic apical-basal polarity. Although it remains to be shown whether the EMB30/GNOM protein is indeed involved in the secretory pathway in Arabidopsis, the discovery of homology to Sec7p strengthens arguments that the secretion of cell wall polysaccharides and proteins is important in pattern formation. It also demonstrates the importance of the stereotypical cell divisions in embryo pattern formation.
A recent paper by Jürgens and colleagues [4] on the defect in the knolle (kn) mutant of Arabidopsis has now fuelled further the speculation on a central role for membrane traffic in plant embryogenesis. Most kn seedlings are round and lack functional meristems. Although, in some kn seedlings, apical-basal polarity is generated and green cotyledons and a short root are formed, the radial pattern of development seems to be particularly affected. In normal seedlings, three major tissues can be distinguished in a concentric arrangement -the central vascular tissue, the ground tissue and the epidermal cells that cover the surface. Although some differentiation of cells into each of these tissue types occurs, their arrangement in the mutant is severely disturbed and some cells are abnormally large. Closer examination of the development of the embryo showed that the rate and plane of cell division does not follow the normal routine. Furthermore, some cells are multinucleate and incomplete cell walls are often found, indicating that cell division is affected in kn embryos. This may lead to the radial pattern defect by preventing sufficient isolation of cells necessary for differentiation to occur.
Plant cytokinesis occurs by formation of a cell plate in the plane of division, in a process quite unlike that seen in animal cells [5] . The cell plate is formed by fusion of Golgi-derived vesicles containing cell-wall material, which align at the site of the newly forming cell wall. The fusion occurs first in the centre of the plane, and the plate then grows towards the cell periphery as further vesicles fuse, finally joining the plasma membrane to complete the new cross wall and divide the cell. The vesicles are directed to the cell plate by a microtubule and microfilament network. Clathrin-coated pits are associated with regions of the cell plate, and these are probably involved in retrieving excess membrane and perhaps also transport machinery, presumably to be returned to the Golgi for re-use.
The protein encoded by the KN gene, isolated by Lukowitz et al. using chromosome walking, is a member of a T-SNARE family of proteins involved in membrane fusion. It is thought that, for most steps of vesicle traffic, there are specific pairs of SNARES that bind to each other during docking of a vesicle on its target membrane [6] . This is part of the process of maintaining specificity during membrane traffic, as each target compartment has its own T-SNAREs, and vesicles of each transport step have unique V-SNAREs. Although these processes seem to be highly conserved, as similar molecules have been characterized in yeast, flies and mammals, this is one of the first reports of a protein of this type in plants.
In which membrane fusion process is KN involved? The incomplete cell-division defect in kn embryos suggests that the protein may be required for cytokinesis. As cellplate formation involves transport of membranes and cellwall material through the Golgi, fusion of the vesicles, and probably also the return of the machinery and membrane back to the Golgi stack, many steps of membrane traffic are required during the process. However, the ability of the cells of kn seedlings to expand, and the apparently normal tip growth of pollen and root hairs, suggests that the machinery of cell-wall synthesis and secretion is unaffected. Although, at this stage, one also cannot rule out an involvement in a step of membrane traffic that recycles components to the Golgi, because such a block in a circular pathway would lead to all stages being affected, this seems unlikely because it would not explain the specificity of impaired cell division over the other processes of cell-wall deposition. Furthermore, KN expression is probably confined to just part of the cell cycle, consistent with the protein having a specific function in cell division. These considerations are complicated, however, as there may be unidentified KN homologues that perform similar functions in other cells, or at other times, that can partially compensate for the loss of KN.
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Figure 1
As the cell plate expands, further Golgi vesicles fuse with the growing edge.
Finally, the cell plate joins the mother cell plasma membrane.
Golgi vesicles align at the site of the future cell wall and fuse with each other. Why might a specific T-SNARE be required? Cell-plate formation is unlike normal processes of secretion in several respects (Fig. 1) . The fusion may be 'homotypic', at least in the first stages, as the Golgi-derived vesicles apparently fuse with other, similar vesicles. Furthermore, the subsequent fusion of vesicles to a cell plate is an event clearly distinct from normal fusion with a plasma membrane. The process is also regulated, as the vesicles do not fuse until aligned correctly at the site of the forming cell plate, and do so in a controlled fashion from the centre of the cell outwards. The final fusion of the cell plate to the plasma membrane is also unlike any other step, and may therefore also require unique machinery. KN could be involved in any of these processes, and so we must now wait for localization and functional studies to distinguish between these possibilities.
T-SNARE
A different method of cytokinesis has been observed in some cells, such as those with large vacuoles where a cell plate cannot physically form. In these cells, wall protrusions initiate from the cell periphery and grow towards the cell centre. Similar cell-wall outgrowths are seen in the kn embryos, and these may be a reaction of the cells to a block on the normal processes of division. Indeed, in cells where fusion of vesicles at the cell plate is experimentally blocked by caffeine, similar extensions of the parental cell wall are sometimes seen. In the kn embryos, however, this type of division apparently also fails. The screens for mutants in plant embryogenesis are certainly yielding interesting proteins, and highlight the importance of the processes of cell-wall formation in plant development.
